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Reduction of Trifluoromethyl Ketones with Diethyl Zinc Catalyzed by
Chiral Monophosphoryl Protected Diamine

Wang, Xue™*
(College of Chemical Engineering, Yangzhou Polytechnic Institute, Yangzhou, Jiangsu 225127)

Abstract In order to obtain trifluoromethylated organic compounds with important biological activity, using phosphoramide
as catalyst, diethylzinc and trifluoromethyl aromatic aldehyde as reactants, chiral trifluoromethylated organic compounds were
synthesized through catalytic asymmetric f-H transfer reduction reaction. The raw materials are cheap and easy to obtain, and
the catalytic efficiency is high. The yield and ee value can be guaranteed to be highly and simultaneously under the optimized
reaction conditions. Despite the large amount of catalyst, the ligand is very convenient to recycle and reuse in this system. At
the same time, the reaction mechanism was speculated, and it was considered that the high stereoselectivity of the reaction was
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due to the formation of two six membered ring transition states and steric hindrance.
Keywords phosphoramide ligand; asymmetric catalysis; chiral trifluoromethylated compound
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Figure 1 Examples of drugs containing trifluoromethyl framework
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Scheme 1 Synthesis route of ligand 9a

1 ZER5VE
1.1 BBk BRECIRRY TS

R T IR BB AR RO, DL - — 9 H R FE A A
LIERENIRY, SEEY 9~11 JEHATIRIE. /£ 0 C, i
R RN 20 mol%, MNEFEIA 5 h FIZ&AF N 3T
e BEIRIR B, 45 RA TR 1. BhEdEER, 24H10
YERNEARRE, FifSb &Y 12a FIBCR BARTTIAR] 77%,

{HH ee [HANEH 48% (Entry 1); 244# F 11 /E NECIRES, B
BB 12a IR INLE 20% 45, H ee [EHAVE 10%
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Table 1 Screening of chiral ligand

o OH

. . 0, * F

F . Etzn chiral ligand (20 mol%) i

F toluene, 0°C, 5 h F

F 12a
Ph Ph
fgand: 3 Ph 3 NH
Ph,P—NH N-R? 2 NH Meo
R1
9 10

Entry Ligand X R! R?  Yield/% ee’/% Config.c

1 10ted — — — 77 48 R
2 11all%l O — — 20 12 S
3 11bliee S — — 19 11 S
4 9a (0} Bn Bn 926 55 R
5  9plieal S Bn Bn 93 48 R
6  9clloal O Et H 75 8 R
7 9dlieal O i-Pr H 88 19 S

© 2021 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out with benzaldehyde on a 0.5 mmol scale;
b Isolated yields; ¢ Determined by chiral GC analysis and the absolute configu-
ration was assigned by comparison of the sign of specific rotation value with
the literature value.

4 (Entries 2, 3); 24# H 9a NECARS, 15211659 12a
IR ATIEE] 96%, H. ee (1A 55% (Entry 4); 24LA
9b TENMEALTIN, FTfE 12a RS 9a ZHIAK, (H
ee [HZNECRGE 1, Entry 5); 5 H N _ERUCEEE ke
FEEURFLAS B ECAA 9¢ A1 9d Ak 1Z s il , WS ],
H ee fHARMK(F 1, Entries 6, 7). H A & ILAERC A 9a 7
1EF, Fﬁﬁﬁ%?’i%fﬁqﬁﬁﬂﬁﬂﬁ &R 13 2L ee fH.

1.2 ®RERNFHHTEE

ZJE R B AR RN AR HEAT TR, R LA
FIE . FeARR R SO BB 1) LK e i FE
BEAT TIRIE(CR 2). ARG RN 0.8 equiv. i
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9°3.0 equiv.f, 1S 12a IR 2 EAES, (Hee HE
STk 5 AR (K 2, Entries 1~4), LK IEIR S
ee AR E, HEAAFIMMEHEEN 2.0 equiv.(K 2, En-
tries 1~4). fEMILA FIEELAK 9a (A H 20 mol%di
2 30 mol%, 5K ee (A DVFHER, WA
RIRFE, 58 BIMCAAE 25, ik me A8 &
A 20 mol%(F 2, Entries 3, 5). $&35 3N I W A# FH ¥
FIHEAT Tk, e 7Rk, &b X F2R(EE
2, Entries 3, 6, 7), 253 LLHI I IR EE K ee (i
Bt K AE, ik F2RAE AT, 2 Ja SONT s R I ]
HEAT 7 ik, 4h SRR I A B TR AN BT A, WA TE B
RN ee (EEAIRAIIG &, &5 0L S [E A
24 h(3& 2, Entries 3, 8, 9). f/a X} R MR EHEAT T i1,
25 R RN BEBRAS, SR 218 RIS, 1H ee (AEIFT
BB AR 2, Entries 9~11), Kb IR B A 2%
WeFE—20 C. SRR BT SRR
FEN 2.0 equiv., BCARAE RN 20 mol%, 7N H K,
SN TR 24 h, SR EEN—20 C.
xR2 RMFKMRIRAL
Table 2 Optimization of the reaction conditions
0 OH

F 9a (Z mol%)
F
F

solvent, temp., time
Entry Y VA

+ EtZZn
Y equiv.

Solvent Temp./C Time/h Yeild®/% ee%/%

1 0.8 20 Hexane 0 5 31 22
2 1.5 20 Hexane 0 5 90 53
3 2.0 20 Hexane 0 5 93 51
4 3.0 20 Hexane 0 5 97 28
5 2.0 30 Hexane 0 5 89 54
6 2.0 20 CH2Cl2 0 5 84 55
7 2.0 20 Toluene 0 5 95 54
8 2.0 20 Toluene 0 12 96 63
9 2.0 20 Toluene 0 24 94 77
10 2.0 20 Toluene —10 24 92 80
11 2.0 20 Toluene —20 24 91 88

@ All reactions were carried out with benzaldehyde on a 0.5 mmol scale;
b Isolated yields; ¢ Determined by chiral GC analysis and the absolute configu-
ration was assigned by comparison of the sign of specific rotation value with
the literature value.

1.3 RYINIER

e 1R IG, 97 Bk P Ak 5% 1
T, R BEYEAT TR, LR RWE 3. Y
JEIARAIE By Cl. Bra Me BURH o-= % F 3L 2
B e, FTfs o- =% H S840 S0 USRI TE 70% 0L |, B
ee THTE 60%ULL (38 3, Entries 2~5). 243+ A
PR ZEIRS, 1331 a- =5 F 3E-2- 2R N 90%, 2
ee RS, 1A 53%(F 3, Entry 6); 245038 pq & A FhE,
W o- = 960 355 25 PR v = R 3 b ) — AN U T T 3
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Table 3 Expansion of the substrate

o chiral ligand 9a (20 mol%)  OH
+ Etzzn *
Ar” Rf 2.0 equiv.

toluene, -20°C, 24 h Ar Rf
12

Entry Product 12 (Config) Yield¥/% ee’/%

OH

¥

12a (R) 91 88
CF3

OH
2 F~©—( 12b (R) 77 60
CF3
OH
3 cw@—( 12¢ (R) 73 63
CF;
OH
4 Br—©—( 12d (B) 71 66
CFs3
OH
5 Me—@—( 12¢ (R) 76 67
CF3

12f (R) 90 53

OH
7 @—( 12g (R) 91 76
CF,Cl
OH
8 >—©—< 12h (R) 89 73
CF3

Br

9 ®_<°H 12i (R) 85 91
CF;
I,
10 @_(OH 12 (R) 81 78
CF

O,

oy}

F
11 G{OH 12k (5) 76 87
CF3
F
12 @j.p” 121(S) 85 62

CF3

© 2021 Chinese Chemical Society & SIOC, CAS

@ All reactions were carried out with benzaldehyde on a 0.5 mmol scale;
b Isolated yields; ¢ Determined by chiral GC analysis and the absolute configu-
ration was assigned by comparison of the sign of specific rotation value with
the literature value.

NEET G, BRIk ee ELESGER 3,
Entry 7); 4PL a- =% TP IENT 2B I 2K TR M SRR AT
SCIGHE, p AR R AT IR B VEMLAE oo = 5P SR AL HEAT,
LRIEA VP AR ARG RN, BTSSR ee {HARTT
ik 70%LL F(GR 3, Entry 8); f¢J5 f# AL IR 43 7 4% Br
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1E 80% /e A7, B 1 IS ER AVRERAL G4 12 1) ee {ATE
80%LA N, HABHIEITE 80% LA E(3% 3, Entries 9~12).
1.4 HIIEHEM

e, N T ULARC AR 9a I AXE AR AL ROR, FRATE
F Ishihara (1) 2 BiERAREL S X S B HLERELT T AR
HED, N RTE R AR TR SRS 537 [T B R B AN 75 TG 3R
Jo 23 (A A BEAE 3 BUR BLIE FEVE AR L TF T — 1 a-
ZHE A SYI(Scheme 2). 4 HE SEHE L p AL
JEIE, BRI LR C 1O 523k AR ER o
v B AL RERTE S — /S USRI RS A
MRJE T SRR P B T BRI e A R
T AETF BR PRS0 TR NNt
. HEE =  FRRE S ER 9a H I RIRTE [F] M,
AP ERE T 52K EEE TR AR,
e, (H4EE PR SR 9a W FPRIAAE — R,
TIETE oy - I &5 BAFTE BRI 2 (R4 BE, A FeGE,
D] S B A ) T Al o — A 7R
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F o+ Etzn
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Scheme 2 Speculation of reaction mechanism
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PLBE 2 18 BI(R,R)-1,2-38 B e N R R & it LB
] L S N IR TG T T UG 9a, DLZECAARNE i
WHEAARIIR p EORJFE R, FT AR, ik Pk
A EBEEMMEN a-=P RIS, K 9a
VEEMRTT, GRCPERAD, SRR R, R
BEEEMT 2 15, EARTEAE AL I 2 rp e 4 0 i FH 2 LA K,
{BAZBC AR RERS RIS FER A, LIRSS AT 5 3 ) % )
T A 147 A ) RO AR R i o I SEATLEREAT 1 A
BRI MRS, FCAARTE PR AN S N I R R TR R 7S TG ER
PRI I A AR 25 (A7 BELAE 2 B9 — 3 F 2R 2B B
THB SN ee EMERE, 5402 HREERFI = 5 H R 1R
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RIS AFAERT, 2 2 T3 £ R A i = 5

3 XIEs
3.1 X5

(R.R)-1,2-4 & & W F i Fe R B 5 R A
Fl, —IKEXT RS . Q0K I ER I JK A AN b
R T AR I B IR A RN SE; = R
57 AL EOR (B3 ) A BRA AT 35 A7) 35 )
T B REBHE R A A R A F.

AR TE TR A AR A A, 979011 AY); A% HgdE
PRI {X (Bruker /A ], Bruker AVANCE III 400 MHz 7Y),
PL CDCls N, e #F ik 4 (Bruker 2], Impact
I UHR-TOF A!); & %0 A0 i A (H A% & 3, LC-
20ATvp ). e HiER R R A A, SGW-1 &), GC
¥4 LA FID ko 28 A1 GC ¥ (Chirasil Dex CB col-
umn, 25 m X 0.32 mm X 0.25 mm film thickness) 12T #5
W15 2); HPLC % K H T MAE (i AD-H #£ . AS-H #:45)
MR 2.

32 ZLWHE
3.2.1 BeAk 9a 98-,

] SN 50 mL 2 Bz — /KA % B 2R AR
(9.51 g, 50 mmol), IIFZE 120 C, InF ]z FEH A
WK K S350, BidE 2 h JEE b ind, 18 R 2 =15
JEMA(R,R)-1,2-3 L —J%(5.71 g, 50 mmol)FI4EZ —
FERET(7.41 g, 50 mmol), MNEFEANEHEHE. 0tk s:
FHE A PR R FE R K 6 h. O E5 5 {5 1k ik,
A% B il 2 R S AT R R USSR IR . AR UK AT ik
FRENVA (100 mL)FI EREGHIMA R R SO, HidEs
R4, FTAER A S 3 EL(80 mL X 3), Y4k
AHUH, TERFEZAE N KRR T LA, o9,
PRI ARG, 13RI IRR)-1,2- A L
2. 1520 AT HAR G A3, BT N —2
SV

IR 0~5 °C, H & HFHE(250 mL)¥ 25 R
FIr AR S R R R O B R SO, BRI = 2%
(15.18 g, 150 mmol), #5if 0~5 CHEFE 30 min. K5 2K
B R(23.65 g, 100 mmol)ERT —F FH5E(250 mL)
B R 0~5 C¥ Bk ORI B &I TS I
KRB, SRR R 4 he R A
HE 0~5 C, Haitk/K(@®0 mL)FE KRB, H -5 Hk
FH(100 mLX 3), &AL, fEHRFEFELET HIoKm
FRENTERA VLA, 98, IR IR IRZE13HH 5, SR
FE TG AT o B Ak [T s A 2R B8/ IE 2
Be, Viv=1:2)], &4 19.11 g N-((1R2R)-2-(1,3-—
A M| W bR -2- 35 ) B O 3k )-P, P- — S FE IR B W I (7). W%

Chin. J. Org. Chem. 2021, 41, 2693~2699



Chinese Journal of Organic Chemistry

O, % 86%. mp. 193~195 C; [a]y) —41.5 (¢
2.00, CH,Cly); '"H NMR (400 MHz, CDCl3) d: 1.21~1.40
(m, 3H), 1.64~1.86 (m, 3H), 2.24~2.39 (m, 2H), 2.92~
3.03 (m, 1H), 3.48~3.67 (m, 1H), 3.84~4.03 (m, 1H),
7.01~7.13 (m, 2H), 7.24~7.32 (m, 1H), 7.30~7.41 (m,
2H), 7.42~7.53 (m, 3H), 7.63~7.75 (m, 4H), 7.78~7.85
(m, 2H); 3C NMR (100 MHz, CDCls) §: 24.4, 24.9, 28 4,
37.2(d, J=2.5Hz), 51.4, 56.5 (d, J=5.9 Hz), 122.7, 128.2
(d, J=12.8 Hz), 128.1 (d, J=12.6 Hz), 131.3 (d, J=38.4
Hz), 1312 (d, =9.5 Hz), 131.8 (d, J=7.6 Hz), 131.9 (d,
J=9.1 Hz), 133.3 (d, J=5.8 Hz), 133.4, 168.6, 168.4; 3'P
NMR (162 MHz, CDCls) d: 22.3; HRMS (ESI) calcd for
CasHasN2OsP [M+H]" 445.4708, found 445.5721.

MUK TE K BE(S00 mL) i3 e&49) 7 (19.11 g,
43 mmol) JI AN, EiRBHEE 2R, =R FEK
A 43 mL)ZE0S n 22 RO, PR [EHA OB 2 h
RIS G, ¥ R 2208 b iR 2 =R, R R4
WAEY), WX ARAEY) N — & F 6E(1000 mL)F 4
fik (1000 mL), HnHE=EAHE 30 min, S JESUEM, 7EH
P N T KIRBR AT R A NI, T, IERARE
WSS B IR (R, R)-1,2-3F CL 3 — iz 8 #Lfh, AN
T HAB AL, BT R — P R

MUK ) 5 SR AR I TE K FEEE 430 mL Frfs =4 8
FA LR 4 A 970 1.9 g, FIRBERE N BRI A SN R
HOIMA VKBS R(2.0 mL) A2 % (10.04 g, 94.6 mmol), 4k
s e N, F R R (TLOK I & N, B &8T5 2K
MR R, IR 0~5 °C, HHEAAMF T I NaBH;CN
(16.25 g, 258 mmol), FHZZEFHREEEIR, k2R M 10
h, KNSR EIEIE, JERAIEIRGE, P IRa i
T & EE(100 mL), A HUAH S8 F PR B R VA W e
(100 mL), FAEH TCKBR RN T4, 198, I8
TR R R A, W AR A AR Z AT B A . MeOH/
CHxCL, V@ V=1 : 4013177 E54ifk, 15 13.04 g~
75%) ¥ % {0 [ A& N-(IR2R)-2-( - R I & 3 3F &
H)-P,P- IR (9a). mp. 132~134 C; [a]})
—11.7 (¢ 1.00, CH,Cly); 'H NMR (400 MHz, CDCl;) o:
0.83~1.23 (m, 3H), 1.25~1.38 (m, 1H), 1.42~1.53 (m,
1H), 1.72~1.83 (m, 1H), 1.95~2.12 (m, 2H), 2.32~2.50
(m, 1H), 3.23~3.49 (m, 3H), 3.63~3.91 (m, 2H), 4.58~
473 (m, 1H), 7.08~7.26 (m, 9H), 7.36~7.58 (m, 7H),
7.70~7.84 (m, 4H); 3C NMR (100 MHz, CDCl;) d: 22.5,
24.4,25.5,33.5,51.8,53.1, 62.5, 62.6, 127.0, 127.9, 128.1,
128.2, 128.3, 128.4, 128.6, 129.1, 129.7, 131.2, 131.3,
131.5, 131.6, 131.8, 132.1, 132.2, 133.7, 134.4, 135.0,
135.7, 139.6; *'P NMR (162 MHz, CDCl3) 6: 21.1; HRMS

Chin. J. Org. Chem. 2021, 41, 2693~2699

© 2021 Chinese Chemical Society & SIOC, CAS

(ESI) caled for CxHigN,OP [M+H]" 495.2487, found
496.2475.
3.2.2 FEALIE R = F AR 69 BRI

IF1) Js2 SR I NP5 771)(3 miL) B ik i 442 (0. 10 mmol )
TR BT, AR 3 IR, EER T
FESN 5 min 5 SR TCTARIR [ SR iR, AR
FESAT TS A B AR R 1) 05 & (0.5 mmol)iEN R
N F, FE—20 CRMN 24 h. MEER, f£—40 C
SR R ONE HETE R N T mol/L FIFE 2 FR(S mL)E
KN, 2R 28510 mLX3)AEHL, & IFa P
FTEKIREREE T 15, U8, I8 4615 2 B
o, HamaEZH R R Om/ Sk, V.
V=1 :10)7E4litk, 2T o- =5 TS 12.
TR ROBUR € VR (HPLC) B AR €23 25 (GC) X AH B
PR ee EBATINR. 7R 8@t ie e o A7 et
FE BRI I 5 SCERHRGE AR XS EE 1S .

(R)- =K L BE(122)4): YR B AR, 725 91%,
88% ee [F-1: HPLC full, #£if: 40 C, /=17.7 min (R),
fr=18.4 min (S)]. '"H NMR (400 MHz, CDCls) J: 2.74 (s,
1H), 5.01 (q, J=6.6 Hz, 1H), 7.35~7.52 (m, 5H); *C
NMR (100 MHz, CDCls) 6: 72.7 (q, J=32.2 Hz), 124.5 (q,
J=281.0 Hz), 127.4, 128.1, 129.5, 134.1.

(R)-X1 8 = 82K W (12b): ¥R B Ak, P2 R
77%, 60% ee[F-P£ HPLLC, F:if: 40 C, /r=10.4 min
(S), t=10.7 min (R)]. "H NMR (400 MHz, CDCls) §: 3.14
(s, 1H), 5.03 (q, J=6.5 Hz, 1H), 7.02~7.15 (m, 2H),
7.35~7.54 (m, 2H); *C NMR (100 MHz, CDCl;) ¢: 72.5
(q, J=32.2 Hz), 115.7 (d, J=21.9 Hz), 123.9 (q, J=282.1
Hz), 129.4 (d, J=8.2 Hz), 129.8, 163.2 (d, J=248.9 Hz).

(R)-X E =K L (120)14): R @R, =K
73%, 63% ee[ F-P£ HPLC, #Eiffi: 40 C, r=28.0 min (S),
r=8.6 min (R)]. '"H NMR (400 MHz, CDCls) ¢: 3.02 (s,
1H), 5.03 (q, J=6.6 Hz, 1H), 7.31~7.44 (m, 4H); 3C
NMR (100 MHz, CDCls) 6: 72.3 (q, J=32.0 Hz), 124.2 (q,
J=283.5 Hz), 128.5, 129.6, 132.4, 135.6.

(R)-X IR = 2K W 2d)8): 5 Ok, =R
71%, 66% ee[F-4 HPLC, #£if: 40 C, x=12.7 min (R),
&R=13.9 min (S)]. m.p. 49~51°C; 'H NMR (400 MHz,
CDCl;) d: 2.82 (d, J=4.4 Hz, 1H), 4.96~5.01 (m, 1H),
732 (d, J=8.2 Hz, 2H), 7.54~7.58 (m, 2H); 3C NMR
(100 MHz, CDCly) 6: 72.4 (q, J=32 Hz), 123.7, 123.9 (q,
J=281Hz), 129.1, 132.7, 132.5.

(R)-X} F 3 = K 2 BE(12e)19): R T a4k, 7=
76%, 67% ee[ F-1E HPLC, FEif: 40 C, r=14.6 min (R),
r=16.4 min (S)]. m.p. 43~45 C; 'H NMR (400 MHz,

http://sioc-journal.cn/ 2697
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CDCls) 0: 2.43 (s, 3H), 2.88 (br, 1H), 4.95~5.02 (m, 1H),
7.15~7.31 (m, 2H), 7.35~7.45 (m, 2H); 3C NMR (100
MHz, CDCls) §: 21.2, 72.5 (q, J=31.8 Hz), 124.2 (q, J=
281.1 Hz), 127.5,129.1, 131.5, 139.5.

(R)-2-Z5 = F K L EE(126)4): 2 A [ 4k, 77 %
90%, 53% ee[F14 HPLC, #if: 40 °C, tr=10.4 min (S),
x=10.8 min (R)]. m.p. 81~83 ‘C; 'H NMR (400 MHz,
CDCls) d: 3.35 (s, 1H), 5.18 (q, J=6.8 Hz, 1H), 7.43~
7.67 (m, 3H), 7.81~8.02 (m, 4H); *C NMR (100 MHz,
CDCls) d: 72.9 (q, J=31.8 Hz), 124.5, 124.3 (g, J=280.0
Hz), 126.5, 126.5, 127.5, 127.6, 128.2, 128.8, 131.6, 133.2,
133.5.

(R)-2,2- " i-2-F-1-K I ZFE(12g) 14 VR F (O,
FEER 91%, 76% ee[F1E HPLC, Fifi: 40 C, ®r=16.1
min (R), k=21.4 min (S)]; '"H NMR (400 MHz, CDCl;) §:
3.04 (s, 1H), 5.05 (t, J=6.6 Hz, 1H), 7.31~7.60 (m, 5H);
3C NMR (100 MHz, CDCL3) 6: 77.5, 127.5, 128.6, 128.9
(t, J=297.0 Hz), 129.3, 132.0, 134.5.

(R)-X} . = i 7K 2 BE (12h)M ) R o (i Ak, 72

K 89%, 73% ee[F-1E HPLC, #:if: 40 C, r=8.3 min
(S), x=9.1 min (R)]; "H NMR (400 MHz, CDCls) 8: 2.60
(s, 3H), 3.22 (s, 1H), 5.08~5.10 (m, 1H), 7.51~7.63 (m,
2H), 7.91~8.03 (m, 2H); *C NMR (100 MHz, CDCls) 6:
26.4,72.3 (q, J=32.1 Hz), 124.0 (q, J=282.3 Hz), 127.5,
128.6 137.8, 139.3, 198.5.

(R)- 4B IR = 8 L WE (12019 W% % (R, Po
85%, 91% ee[ F1 HPLC, H:if: 40 C, x=10.3 min (R),
r=12.7 min (S)]. '"H NMR (400 MHz, CDCls) J: 7.57 (d,
J=8.4 Hz, 2H), 7.34 (d, J=8.3 Hz, 2H), 4.97 (q, J=6.4
Hz, 1H), 2.63 (s, 1H); *C NMR (100 MHz, CDCLs) ¢:
133.1, 132.1, 129.4, 1242 (q, J=282.2 Hz), 123.7, 72.5
(q, J=32.2 Hz).

(R)- 1A R = F 4 B (12)1%: ¥ 3 (i, 77 %
81%, 78% ee[ F-P£ HPLC, #Eifi: 40 °C, x=12.0 min (R),
x=14.8 min (S)]. '"H NMR (400 MHz, CDCls) J: 7.65 (s,
1H), 7.55~7.48 (m, 1H), 7.40 (d, J=7.6 Hz, 1H), 7.25 (t,
J=17.8 Hz, 1H), 5.02~4.98 (m, 1H), 3.03 (d, J/=4.4 Hz,
1H); '3C NMR (100 MHz, CDCl;) ¢: 136.3, 130.3, 124.2
(q, J=281.1 Hz), 123.4, 116.5, 114.9, 114.3, 72.0 (q, J=
32.1 Hz).

(S)- 4B IR = K 4 (12K)200: 8 o [ Ak, PR
76%, 87% ee[ F-P£ HPLC, #Eifi: 40 C, x=10.3 min (R),
x=12.7 min (S)]. m.p. 49~51C; 'H NMR (400 MHz,
CDCls) o: 3.84 (s, 1H), 5.40 (q, J=6.60 Hz, 1H), 7.04~
7.18 (m, 1H), 7.17~7.21 (m, 1H), 7.33~7.42 (m, 1H),
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7.63 (t, J=7.34 Hz, 1H); 3C NMR (100 MHz, CDCl;) ¢:
115.5 (d, J=21.3 Hz), 120.2~128.9 (m), 121.5 (d, J=
11.7 Hz), 124.8 (d, J=3.7 Hz), 128.6 (d, J=2.9 Hz), 131.4
(d, J=8.8 Hz), 160.6 (d, J=248.0 Hz).

(S)-IAl R = A /(12D Tk, 723 85%,
62% ee[F-1 HPLC, #ifi: 40 C, r=8.0 min (R), k=
8.6 min (S)]. 'H NMR (400 MHz, CDCl3) 0: 2.94 (s, 1H),
5.05 (q, J=6.5 Hz, 1H), 7.05~7.19 (m, 1H), 7.22~7.32
(m, 2H), 7.33~7.45 (m, 1H); 3C NMR (100 MHz,
CDCL3) d: 72.1 (q, J=32.5 Hz), 114.5 (d, J=23.0 Hz),
116.4 (d, J=21.2 Hz), 123.2 (d, J=2.2 Hz), 124.2 (q, J=
282.1 Hz), 130.4 (d, J=8.1 Hz), 136.3 (d, J=7.3 Hz),
162.9 (d, J=246.9 Hz).

4 BIi#1 kL (Supporting Information) L4547 7. 9a. 10,
11 AT 12 ff) '"HNMR & 3C NMR i, DLR {3 =4 HF
FALAEY) 12 1 GC B HPLC FREEHE. X Leprplal L4
P AT /¥ 3 (http://sioc-journal.cn/) | R #k.
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